Data on hydrodynamic and thermodynamic properties of several well-defined, linear flexible polymer chains in thermodynamically good solvents and theta solvents are tabulated and critically evaluated. The polymers considered are 1,4-polybutadiene, 1,4-polyisoprene, polyisobutylene, polystyrene, and poly(a-methylstyrene). Extensive data, obtained as a function of molecular weight, are evaluated for the intrinsic viscosity, radius of gyration, hydrodynamic radius, and second virial coefficient. The resulting power law relationships between the measured properties and polymer molecular weight are reported.
Introduction
Properties and processing characteristics of macromolecules depend not only on polymer type but also frequently exhibit a strong dependence on mole~ular weight or molecular size. In many instances polymer scientists and engineers also need to be able to predict molecular size or thermodynamic interactions as a function of molecular weight for a given type of macromolecule. The Polymer Handbook l provides an exhaustive listing of relationships between molecular weight and parameters such as intrinsic viscosity ['l') ], radius of gyration R g , hydrodynamic radius R H , and second virial coefficient A z • Unfortunately, large differences frequently are seen on comparing results reported by different groups for the same polymer/solvent system. These differences may reflect variations in polydispersity, methods used for molecular weight determination, molecular weight range investigated, tacticity, branching, etc. The Polymer Handbook l sometimes makes recommendations on preferred property/molecular weight relationships when discrepancies exist.
In this paper. we compile and critically evaluate data on ['l') ], Rg, R H , and A2 for several·linear, flexible polymer chains in both "ideal" (theta condition) and thermodynamically good solvents. We restrict our attention to the relatively few polymers where complete data sets (['l') ], R g , R H , and A 2 ) exist for well-defined, narrow molecular weight distribution materials e.g. polybutadiene (PBD), polyisoprene (PI), polyisobutylene (PIB), and poly(a-methylstyrene) (PaMS). When care is taken to exclude data which appear to be anomalous, it is generally seen that results from various groups can be compiled to generate power law relationships of the form (1) where P is the property being probed as a function of molecular weight M, and C and v are empirically established constants for that system, usually valid over several orders of lllagllitud~ ill M.
Criteria for Data Selection and Evaluation
Four of the polymers covered in this paper (PBD, PI, PS, and PaMS) are materials which can be synthesized in a controlled fashion using anionic polymerization techniques 2 • These methods can lead directly to polymers having extremely narrow polydispersities. Usually the ratio of weightaverage molecular weight M w to number-average molecular weight M n for such materials is less than 1.1. While these materials are clearly not monodisperse, their distributions are the most narrow of any synthetic polymers. Furthermore, anionic polymerization using lithium-based initiators in hydrocarbon solvent lead, in the case of the polydienes, to elastomeric materials of consistent microstructure (--92% 1,4 in both cases)z. lbese same initiator systems give atactic (probability· of racemic diads (P r ) of about 0.56) polystyrene 3 and poly(a-methylstyrene) (P r :::::.: 0.5) (4) (5) (6) (7) (8) .
In the ease ofPIB, the monomer is not amenable to anionie polymerization but well-defined samples may be readily obtained by fractionating products of cationic polymerization. It should be noted that tacticity is not a consideration with this polymer; also no branching occurs during cationic polymerization of isobutylene.
A great number of studies have appeared on the solution properties of these materials because of their well-defined linear structures, the capacity to produce materials covering a vast range of molecular weights, the solubility of these polymers in many common solvents at room temperature, and because of their commercial importance. This last factor is enhanced because certain block copolymers comprised of these materials function as thermoplastic elastomers. For PBD, PI, PIB, PS, and PaMS "complete" data sets are available, i.e. data for A2 in thermodynamically good solvents and data for ['l') ], R g , and RH in both good and theta solvents have been reported in the literature. Also, in general, results from different groups for a given system are in agreement with one another.
Other important polymers, such as poly(methyl methacrylate), polyethylene, and polypropylene, are excluded from consideration in this work because of the lack of adequately defined !':amples and/or an overall lack of consistency between values reported by different groups for the same system. Data are also excluded from consideration unless molecular weights were determined by absolute methods (preferably light scattering) and unless adequate details were given on experimental protocol, solvent purity, etc. Data for very low molecular weight samples are not considered because of the departure from linearity of power law relationships at low molecular weights 9 -14
• In general, power laws determined under theta conditions are valid above 10,000 in molecular weight. In good solvents the power laws for Rg, R H , and ['l')] usually exhibit changes in slope below about 50,000 in molecular weight. The relationship between A2 and M is usually linear down to about 10,000, depending on polymer type. Data for polymers outside these ranges are not considered. Also, in tabulating the Rg data we took into account the experimental conditions used (most notably the wavelength of the radiation employed) in deciding on the 8malI~st physical sizes which could be reliably measured. Rg values smaller thanR.j'A" :::::.:20 ('A" = wavelength of light in the medium) even if they were reported by the original authors, are not considered here. Outliers, determined· by considering the typical experimental error associated with the method, are also not considered. The reported power laws were determined by unweighted linear regression analyses. Because of the narrow polydispersities of these materials, no consideration is given to polydispersity effects IS, which should be quite modest, and power laws are simply reported as a function of molecular weight M. In some cases, good. solvent data are reported by different groups at slightly different temperatures, usually 25 and 30°C. The effect of such small temperature differences on properties· of chains in good solvents was observed to be negligible; these data are thus compiled together and a single power law is reported.
Data for 1,4-Polybutadiene
Data for 1,4-polybutadiene in the theta solvent dioxane at 26.S °C are presented in Table 1 . In Table 2 , data for PBD in cyclohexaneat 25°C (good solvent) are presented.
Intrinsic Viscosity
The data of This equation is based on 15 polymers covering nearly 2! orders of magnitude in molecular weight (Fig. 1) . Surprisingly this plot is linear all the way down to 11,000 in M. As noted above9-14, deviations from linearity are expected below a M of about 50,000, but clearly no such curvature is observed in Fig. 1 . This effect may be due to the thin and streamlined structure of PBD. 
Data for 1,4-polylsoprene
Experimental data for narrow polydispersity, high 1,4-while the data in cyc10hexane yield (corr. coeff. == 0.9998) polyisoprenes are collected in Tables 3 (theta solvent, dioxane at 34.5 °C) and 4 (cyc1ohexane 25°C).
Application of the procedure of Baumann 18 to the RH data in dioxane yields the relationship (9) 
Second Virial Coefficient
The data in the thermodynamically good solvent cyclohexane (Table 2) 
Application of the BSF procedure (16,17) gives (12) Based on the analysis of 12 samples in cyc1ohexane, the power law (corr. coeff. -0.9996)
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is detennined. The molecular weight range covered is from which upon correction by the Baumann method 18 yields 6.2 X 10 4 to 7.24 X 10 6 •
Radius of Gyration
The dioxane-based Rg data of Table 3 The cyclohexane RH data ( 
Hydrodynamic Radius
The RH data obtained in dioxane ( 
Second Vlrlal Coefficient
The A2 data obtained in cyclohexane are plotted in Fig. 2 
The correlation coefficient for these data is high and the exponent is consistent with those for other linear chains.
Data for Polyisobutylene
Data for PIB in the theta solvents benzene and isoamylisovalerate at ca. 25 °C are given in Table 5 . In Table 6 , data in the good solvent cyclohexane at 25 °C are given.
Intrinsic Viscosity
Benzene is a commonly used solvent for the measurement of ["1] The data for Rg ofPIB in the theta solvent isoamylisovalerate are restricted to five polymer samples in the range of 3.91 x 105 to 4.7 x 10 6 • These data result in the power law expression (corr. coeff. "",0.9999) (24) Application of the Baumann extrapolation procedure lS to
The Baumann correction to these data I8 yields 
Data for Polystyrene
Data for polystyrene in· the theta solvent cyclobexane at 34.5 °C are presented in Table 7 . These data constitute the largest data set of this work. This system has been more extensively studied than any other polymer/solvent system because of both the widespread commercial availability of inexpensive, well-defined polystyrene standards and because of a theta temperature which is quite convenient for experimentation. Likewise, extensive data sets are presented for PS in benzene (Table 8) , toluene (Table 9) , and tetrahydrofuran (Table 11) . A complete data set is also available for the PS/ethylbenzene system (Table 10) 
Radius of Gyration
As was the case with intrinsic viscosity data, many studies of Rg have also appeared for the PS/cyc1ohexane theta system. Table 7 compiles Rg data from light, neutron, and x-ray scattering experiments performed on solutions. Analyzing data Rg data for the PS/tetrahydrofuran system (Fig. 3) 
and for PS/ethylbenzene, based on 9 specimens ranging from 9.3 X 10 4 to 2.2 X 10 7 in M, we find (eoIT. coeff. == 0.9982) (49) is obtained.
Second Virial Coefficient
Some of the most extensive and reliable good solvent A2 results available in the literature are probably those for PS in benzene and toluene. For the former system (corr. coeff. -0.9949 based on 30 samples)
whereas. for the latter (carr. coeff. == 0.9774 based on 43 samples)
More than two orders of magnitude in M are covered in both cases, and the data indicate that benzene and toluene are equally good solvents thermodynamically for PS, in agreement with Rg exponents reported above for these systems.
Much less data is available for the PS/ethylbenzene system, but the most extensive and reliable data Tables 12  and 13 , respectively.
Intrinsic Viscosity
The cyclohexane data for to M for the similar PS/cycIohexane system.
The Rg data in toluene exhibit considerable scatter (Fig. 4) . Linear regression analysis (corr. coeff ... 0.9911) gives Rg -= 9.39 X 10-
The exponent is slightly larger than expected for a flexible chain! good solvent system 13-15. More work on this system appears to be needed.
Hydrodynamic Radius
Excellent and extensive RH data are available for PaMS in both cyclohexane and toluene. For the former, the data cover almost 3 orders fo magnitude in M and yield (corr. coeff. 
The magnitude of the exponent is reasonably consistent with theoretical expectations 19-22. 
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Reference M x 10-5 (g mol-I) 
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